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The Invention relates to a tactile sensor element for converting the pressure 
acting on a surface of a sensor into an electrical signal. The invention further 
relates to sensor arrays comprising a plurality of sensor elements, allowing the 
determination of pressure variations over the surface of the sensor array. 

Tactile sensor and tactile sensor arrays may be used In various applications to 
provide informations on the magnitude and the local distribution of pressure 
applied on a given surface area. As examples could be mentioned touch pads 
or drawing pads for character recognition in computer equipment, or contact 
pads for the determination and control of grip forces of a robotic gripping tool. 

Such sensors widely known are using pressure sensitive devices based on 
plezo-reslstive, plezo-electric or capacitive effects, and may be manufactured 
by thfckfilm orthinfilm technologies, or using discrete elements. Miniaturization 
of such sensors is typically obtained by taking advantage of silicon 
micromachinfng processes. Common to these known sensors are relatively 
high costs for manufacturing and packaging. 

It is an object of the invention to provide a novel tactile sensor element and a 
novel tactile sensor array, which are advantageous In regard of sensitivity, 
miniaturization; stability and manufacturing cost; 

A tactile sensor element according to the invention comprises a first pressure 
transfer layer and a second pressure transfer layer, an elastomeric body 
arranged between the first and second pressure transfer layers, the body 
having a first and a second surface opposed to each other, the first and 
second surfaces having corrugations to allow displacement of elastomeric 
body material in a predetermined direction perpendicular to the corrugations 
when exposed to a contact pressure on at least one of the surfaces. The 
sensor element further comprises a first electrode arranged on the first surface 
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and a second electrode arranged on the second surface, the first and the 
second electrodes being connectable to external means for determining the 
capacitance of a capacitor formed by the elastomeric body and the electrodes. 

5 The corrugation of the surfaces of the elastomeric body with electrodes 
arranged on these surfaces ensure compliance of the electrodes in case of 
stretching the elastic body In a direction perpendicular to the corrugation. The 
electrodes can follow the geometric deformation without changing their 
electrical properties, and without detaching from the body surfaces or even 

io breaking. Applying pressure to the pressure transfer layers leads to a decrease 
in thickness of the elastic body and to a decreased distance between the 
electrodes. The capacitance of a capacitor formed by the electrodes will thus 
be increased. Measurement of the capacitance by external equipment will 
provide Information on the pressure acting on the surface of the tactile sensor 

is element 

In a preferred embodiment, atjeast one pressure transfer layer has a central 
portion of increased thickness and. on each side of the central portion in the 
predetermined direction of extension of the body, an end portion of decreased 

2 o thickness. Hereby, the tactile sensor element Is divided into three sections, 
where the elastomeric body in a central section adjacent to the central portion 
of the pressure transfer layer will be squeezed and reduced in thickness. Body 
material from the central section will be pressed in a direction perpendicular to 
the corrugations towards the body sections adjacent to the end portions of the 

25 pressure transfer layer. The thinner transfer layer In these locations allows an 
increase in thickness of the body due to the body material displaced from the 
central section. However, it is important to note, that the overall longitudinal 
dimensions of the sensor element in the direction of extension will be 
unchanged. 

30 

Preferably, the electrode on at least one of the surfaces comprises a first 
electrode portion adjacent to the central portion of the pressure transfer layer 
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and second electrode portions adjacent to the end portions of the pressure 
transfer layer, the first and second electrode portions being isolated from each 
other. If pressure Is applied to the sensor element, the first electrode portions 
covering the central section of the body form a first capacitor with increasing 
capacitance, while the second electrode portions form a second capacitor with 
decreasing capacitance. It is now possible to measure a differential capadtlve 
signal as a function of pressure. This is advantageous to Increase the sensor 
sensitivity and to eliminate measurement errors due to changing environmental 
conditions. 

Preferably, the surface area of the first electrode portion Is substantially equal 
to the total surface area of the second electrode portions. Hereby, the initial 
capacitance for both capacitors is substantially equal, which simplifies the 
determination of differential capacitance with the external electronic means. 

Preferably, the thickness of the pressure transfer layer is substantially equal to 
the thickness of the elastomeric body. Hereby, the body will bs subjected to 
the major part of the pressure forces acting on the surfaces of pressure 
transfer layers. 

Preferably, the elastomeric body and the pressure transfer layers have similar 
elastomeric properties. Hereby, and In combination with the high coefficient of 
friction between the electrodes and the pressure transfer layers, the elastic 
deformation of both the body and the pressure transfer layers, resulting from 
the pressure forces acting on the surfaces of the pressure transfer layers, can 
follow each other. 

A tactile sensor array 1$ disclosed, comprising a plurality of sensor elements, 
wherein the sensor elements are arranged In a row and column configuration 
for the determination of local pressure variations over the surface area of the 
sensor array, and wherein the plurality of sensor elements being integrally 
formed in a common elastomeric body member. A sensor array of this kind 
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shows significant manufacturing cost advantages, as a large amount of sensor 
element bodies can be manufactured in a single process. High resolution 
tactile sensor arrays can be provided, where each sensor element presents a 
pixel-like element of the array. 

Preferably, each row of sensor elements comprises an elongated common 
elastomeric body member, the body member constituting a continuous 
sequence of sensor element bodies. 

Hereby, a row of sensor elements is provided on the basis of a single 
elongated elastomeric member with corrugated surfaces. Several rows are 
arranged to constitute a two-dimensional sensor array. 

Preferred embodiments of the invention will in the following be described with 
reference to the drawing, where 

Fig. 1 shows a side view of a tactile sensor element with a pressure transfer 

layer of uniform thickness In unloaded state* 

Fig. 2 shows a side view of the same sensor element in loaded state. 

Fig. 3 shows a side view of a tactile sensor element with a pressure transfer 

layer having portions of increased and decreased thickness, in unloaded state, 

Fig. 4 shows a side view of the sensor element in Fig.3 in loaded state. 

Fig. 5 shows a top view of a tactile sensor array comprising a plurality of 

sensor elements of Fig. 3 

Fig. 6 shows a side View of the sensor array in Fig. 5 

Fig> 1 shows a tactile sensor element 1 with an elastomeric body 2, preferably 
made of silicon rubber sheet material. The body has upper and lower surfaces 
3 and 4, which have corrugations in the form of parallel ridges and grooves 5 
and 6 running across the width of the body in a direction perpendicular to the 
drawing plane. The ridges and grooves are shown with square profiles, 
however, other profiles such as sinusoidal or rectangular may be applicable. 
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The depth b of the grooves Is typically in the range of 1 0 to 30 % of the total 
thickness d of the body, which typically is 10 to 50 um. As an example, the 
body has a thickness of 20 pm with corrugation depths of 5 um. 

Metal electrodes 7 and 8 are arranged on both upper and tower surfaces 3 and 
4 by deposition of a thin uniform metal layer, such as gold, silver or copper, by 
use of suitable deposition technique. The electrodes are connected with lead 
wires 1 1 to external means 12 for measuring the capacitance of a capacitor 
formed by the electrodes. Interconnection between the electrodes and the lead 
wires is established by suitable bonding, welding or soldering technique. The 
thickness of the electrode layer is typically In the range of 20 to 100 nm. 



The sensor element further comprises upper and lower pressure transfer 
layers 9 and 10 opposed to and covering the upper and tower surfaces of the 

15 body. The pressure transfer layers of this embodiment are made of 

elastomeric material having similar elastic properties as the body material. 
Typically, the thickness for the pressure transfer layers is in the same range as 
the thickness of the body. The lower pressure transfer layer 10 is In contact 
with a support body 13 to prevent relative movement between the support and 

20 the pressure transfer layer. 

Fig. 2 shows the sensor element of Fig. 1 exposed to a pressure p on top of 
the upper pressure transfer layer 9. The pressure transfer layers are now 
brought into contact with the surfaces 3 and 4 of the elastomeric body, 

25 transferring the pressure to the body, which will be subjected to elastic 
deformation. Due to the corrugated structure of the body surfaces, the 
electrodes 7 and 8 deposited thereon are compliant In a longiludinal direction 
perpendicular to the ridges and grooves. Compliance of the electrodes in the 
direction of ridges and grooves is negligible due to the high elastic modulus of 

3 o the electrode material. Thus, squeezing of the body leads to a reduction in 
thickness and to an elongation of the body In the longitudinal direction. The 
coefficient of friction between the electrodes and the material of the pressure 
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transfer layer are sufficiently high to avoid relative movements between the 
body with the electrodes and the surface of the pressure transfer layers. Due 
to the similar elastomeric properties and thickness dimensions of pressure 
transfer layers 9. 10 and body 2. the elongation of the elastic pressure transfer 
5 layers and the body are thereby following each other. External means 12 will 
now measure an increased capacitance, as the distance between the 
electrodes is reduced. A linear relationship Is achieved between the applied 
pressure and the measured capacitance change. 

10 Another embodiment of a tactile sensor element according to the invention is 
shown In Fig. 3 in unloaded state and in Fig. 4 In loaded state. Each of the 
pressure transfer layers 9 and 10 now comprise a central portion 20 of 
Increased thickness and end portions 21 and 22 of decreased thickness. 
Between the pressure transfer layers is arranged an elastomeric body 2 with 

15 corrugated surfaces 3 and 4, having ridges and grooves extending 

perpendicular to the predetermined direction of extension of the body 2. The 
thickness of the central portion 20 of the pressure transfer layers 9, 10 is 
substantially equal to the thickness of the body 2. The first electrode deposited 
on the upper surface 3 of the body Is divided into a first electrode portion 25 t 

2 o arranged adjacent to the central portion 20 of the pressure transfer layer 9, 
and Into second electrode portions 26 arranged adjacent to the end portions 
21 and 22 of the pressure transfer layer 9. In a similar manner, the second 
electrode deposited on the lower surface 4 of the body Is divided into a first 
electrode section 27, arranged adjacent to central portion 20 of pressure 

2 5 transfer layer 1 0, and Into second electrode portions 28 adjacent to the end 

portions 21 and 22 of pressure transfer layer 10. The electrode portions 
arranged on each surface of the body are Isolated from each other, which 
results In three independent capacitors: a first capacitor formed by first 
electrode portions 25 and 27 and two capacitors, each of which is formed by a 

3 o second electrode portion 26 and a second electrode portion 28. Surface 

portions 23 of surface 3 and surface portions 24 of surface 4 are not covered 
by electrode material. 



9 



.12/12 '02 13:30 FAX 748«2i 



DANFOSS PATENT DPT. 




IREKTORAT @O10 



-7- 



10 



15 



20 



25 



The first electrode portions 25 and 27 are connected by lead wires 29 (se 
Fig.4) to the external means 12 for determining the capacitance of the first 
capacitor. The second electrode portions 26 are connected to the external 
means through common lead wire 30, and second electrode portions 28 
through common lead wire 31. Hereby, the capacitance of a common second 
capacitor formed by the second electrodes 26 and the second electrodes 28 
can be measured. 

To simplify wiring, all the electrode portions arranged on one surface of the 
elastomeric body could be interconnected to define a common ground 
electrode. 

Second pressure transfer layer 1 0 is attached to a support body 50. Lateral 
means 51 for avoiding deformation of the sensor element In the longitudinal 
direction are arranged on both sides of the sensor element 

Spaces 52 between the pressure transfer layers and the body are evacuated. 
Alternatively, pressure equalizing means (not shown) may be provided 
between the spaces and the outside environment of the sensor element. 

Fig. 4 shows the sensor element in loaded state, where a load is indicated as a 
pressure p acting on the upper surface of a relatively soft pressure transfer 
layer 9. The elastomeric body 2 is squeezed by the central portions 20 of the 
pressure transfer layers, Lateral means 51 prevent deformation of the sensor 
element in the longitudinal direction. Part of the material of the elastomeric 
body is being displaced in a direction perpendicular to the ridges and grooves 
formed In the surface of the body. Accordingly , the thickness of the elastomeric 
body decreases between the central portions 20, and the thickness of the body 
increases between the end portions 21 and 22 of the pressure transfer layers. 
The coefficient of friction between the electrodes and the surface of the 
pressure transfer layer is sufficiently high to avoid sliding movement of the 
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ridges on the surface of the pressure transfer layer. Thereby, as it can be seen 
from Fig. 4, the corrugation pitch, represented by the longitudinal distance 
between adjacent ridges, has increased between the central portions of the 
pressure transfer layers, and has decreased between the end portions. 

5 

The capacitance of the first capacitor formed by the first electrode portions 25 
and 27 has increased, while the capacitance of the capacitor formed by the 
second electrode portions 26 and 28 has decreased. A difference In 
capacitance In dependence of the applied pressure acting on the sensor 
10 element can be measured by the external means 12, 

Fig. 5 shows a top view of a tactile sensor array 40 comprising plurality of 
sensor elements 1 according to Fig. 3 with the first pressure transfer layer 9 
removed. 

15 

The array 40 comprises frame portions 41 and several elongated elastomeric 
body members 42 in the shape of rubber strips, each body member 
constituting a continuous row of sensor element bodies 2, illustrated by dashed 
lines. A spacing 43 is provided between adjacent rubber strips or adjacent 
20 rows of sensor elements to ensure independent actuation of the sensor 

elements. Lateral means 51 of the sensor element in Flg.3 are also removed. • 
Their lateral limiting function is now performed by the neighboring sensor 
elements within a row of sensors and by the frame 41 . 

25 The corrugation of the surface of the body members In the form of straight and 
parallel ridges and grooves extending along the width of the strips is only 
illustrated for a single sensor element body 2. 

Fig. 6 shows a side view of the sensor array In Fig.5, illustrating the realization 
30 of a plurality of sensor elements 1 in an elongated elastomeric body member 
42. This is possible by the fact that, upon actuation of a single sensor element, 
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displacement of elastomeric material is substantially limited to the region of this 
sensor element. 

Depending on the intended application for a sensor array according to the 
Invention, the dimensions for a single sensor element (pixel size) may vary 
from an upper range of several centimeters to a minimum of 100 pm. With a 
length of 200 pm and a width of 100 pm for a single sensor element 2. the 
length of the elastomeric body member 42 as shown in Flg.6, which Is 
constituted by six sensor elements, will be 1.2 mm. A square shape sensor 
array with a total area of 1 .5 mm 2 would contain twelve body members, 
resulting in a number of pixels of 72. It can be understood, that high-resolution 
tactile sensor arrays can be realized even with limited overall dimensions. 

The scope of the invention shall not be limited to elastomeric bodies having 
straight-line abrogations. Other corrugation shapes as concentric circles, 
squares or rectangles may be applicable as well. 
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Patent claims 

1 . A tactile sensor element (1) comprising 

a first pressure transfer layer (9) and a second pressure transfer layer (10), 
an elastomerlc body (2) arranged between the first and second pressure 
transfer layers, the body (2) having a first surface (3) and a second surface (4) 
opposed to each other, the first and second surfaces having corrugations (5 f 6) 
to allow displacement of elastomeric body material In a predetermined 
direction perpendicular to the cormgatlons when exposed to a contact 
pressure on at least one of the surfaces (3, 4), 

a first electrode (7) arranged on the first surface (3) and a second electrode (8) 
arranged on the second surface (4) , the first and the second electrodes being 
connectable to external means (1 2) for determining the capacitance of a 
capacitor formed by the elastomeric body (2) and the electrodes (7, 8). 

2. A tactile sensor according to claim 1, wherein at least one pressure transfer 
layer (9. 10) has a central portion (20) of increased thickness and, on each 
side of the central portion In the predetermined direction of extension of the 
body, an end portion (21, 22) of decreased thickness. 

3. A tactile sensor according to claim 2, where the electrode (7, 8) on at least 
one of the surfaces (3, 4) comprise a first electrode portion (25, 27) adjacent to 
the central portion (20) of the pressure transfer layer (9, 10) and second 
electrode portions (26, 28) adjacent to the end portions (21 , 22) of the 
pressure transfer layer, the first and second electrode portions being isolated 
from each other. 

4. A tactile sensor according claims 3, wherein the surface area of the first 
electrode portion (25, 27) is substantially equal to the total surface area of the 
second electrode portions (26, 28). 
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5. A tactile sensor according to any of claim 1 - 4, where the thickness of the 
pressure transfer layer (9, 10) Is substantially equal to the thickness of the 
elastomerlc body (2). 

6. A tactile sensor according to any of claim 1-5, where the elastomeric body 
(2) and the pressure transfer layers (9, 10) have similar elastomerlc properties. 

7. A tactile sensor array (40) comprising a plurality of sensor elements (1 ) 
according to any of the above claims, wherein the sensor elements are 
arranged in a row and column configuration for the determination of local 
pressure variations over the surface area of the sensor array, and wherein the 
plurality of sensor elements (1 ) being integrally formed in a common 
elastomerlc body member (42). 

8. A tactile sensor array according to daim 7 f wherein each row of sensor 
elements (1) comprises an elongated common elastomeric body member (42), . 
the body member constituting a continuous sequence of sensor element • 
bodies (2), 

9. A tactile sensor array according to claim 8. wherein the elastomeric body 
member (42) has corrugations (5, 6) extending perpendicular to the 
longitudinal direction of the elongated body member (42), and wherein 
adjacent body members are spaced from each other. 
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A tactile sensor element is disclosed comprising a first pressure transfer layer 
and a second pressure transfer layer, an eiastomeric body arranged between 
the first and second pressure transfer layers, the body having a first and a 
second surface opposed to each other, the first and second surfaces having 
corrugations to allow displacement of eiastomeric body material in a 
predetermined direction perpendicular to the corrugations when exposed to a 
contact pressure on at least one of the surfaces, 

a first electrode arranged on the first surface and a second electrode arranged 
on the second surface, the first and the second electrodes being connectable 
to external means for determining the capacitance of a capacitor formed by the 
eiastomeric body and the electrodes. 

Further disclosed is a tactile sensor array comprising a plurality of sensor 
elements according to any of the above claims, wherein the sensor elements 
are arranged in a row and column configuration for the determination of local 
pressure variations over the surface area of the sensor array, and wherein the 
plurality of sensor elements being integrally formed in a common eiastomeric 
body member. 
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